Objective: To determine whether the presence of an informal caregiver and the patient's level of social support are associated with better diabetes self-care among adults with poorly controlled diabetes. Methods: Cross-sectional study using baseline data from 253 adults of age 30-70 with poorly controlled diabetes. Participants who reported receiving assistance with their diabetes from a friend or family member in the past month were classified as having a caregiver. We used multivariate linear and logistic regression models to evaluate the associations between having a caregiver and level of social support with five self-reported diabetes self-care behaviors: diet, foot checks, blood glucose monitoring, medications, and physical activity. Results: Compared to participants with no informal caregiver, those with an informal caregiver were significantly more likely to report moderate or high medication adherence (OR ¼ 1.93,
95% CI: 1.07-3.49, p ¼ 0.028). When we included social support in the model, having a caregiver was no longer significantly associated with medication adherence (OR ¼ 1.50, 95% CI: 0.80-2.82), but social support score was (OR ¼ 1.22, 95% CI: 1.03-1.45, p ¼ 0.023). Discussion: Among low-income adults with poorly controlled diabetes, having both an informal caregiver and high social support for diabetes may have a beneficial effect on medication adherence, a key self-care target to improve diabetes control.
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Background
Diabetes is a common chronic condition that affects more than 29 million Americans. 1 Most people with diabetes engage in multiple self-care behaviors including taking medications, monitoring blood glucose levels, and eating a healthy diet in order to manage the condition.
1-3 Self-care can be challenging to maintain and about one in five adults with diabetes demonstrate poor diabetes control. 4 Patients with poor diabetes control are at higher risk for complications, frequently have other chronic health conditions, and are more likely to be in racial or ethnic minority groups. 4, 5 Informal caregivers-family or friends who provide unpaid help with chronic conditions or disabilities-assist with a variety of aspects of self-management and also are a source of social support for patients with diabetes. Regimen-specific instrumental support generally has been associated with higher rates of performing diabetes self-care activities, 8 and the presence of an informal caregiver has been associated with improved self-care activities, particularly medication adherence, in patients with other chronic conditions. [7] [8] [9] [10] Social support is associated with better diabetes outcomes; 11 one mechanism is through improved self-care. 6, [12] [13] [14] [15] [16] [17] Social support includes emotional support, such as caring and showing empathy and instrumental support, such as tangible aid and services. 18 It remains unclear the extent to which having an informal caregiver helps patients manage their diabetes, and whether the influence of a caregiver differs by overall patient-level social support.
The goal of this study was to assess whether having an informal caregiver was associated with diabetes self-care in a population of adults with poorly controlled diabetes. Adults with poor diabetes control are an important patient group on which to focus given that these individuals are at high risk of diabetes complications and death and also have high health care utilization and costs. 19 We also considered whether the association was influenced by the patients' level of social support for diabetes. In order to improve diabetes control, it is important to understand whether increasing the engagement of informal caregivers for patients with poor control might be sufficient or if positive social support from these informal caregivers is necessary to change self-care behaviors.
Methods

Study population
We used baseline data from the Peer Support for Achieving Independence in Diabetes (Peer-AID) study. This was a randomized trial of the effectiveness of in-home community health workers (CHWs) to increase self-efficacy and improve diabetes self-management among 287 low income patients with poorly controlled diabetes. Participants were recruited from the following sites in King County, WA, USA: (1) Harborview Medical Center, a public safety-net hospital; (2) Department of Veterans Affairs (VA) Puget Sound Health Care System, a tertiary hospital that serves Veterans; and (3) Sea Mar Community Health Centers, a community-based health and human services organization that emphasizes serving Latinos. Eligibility criteria included: type 2 diabetes with a hemoglobin A1c value of 8.0% or higher during the three months before enrollment; a household income of less than 250% of the federal poverty level; age 30-70 at enrollment; English or Spanish speaking; and primary residence in King County, WA, USA. Additional details about the study design and intervention were previously published. 20 Data on participant demographics, health status, health history, selfcare behaviors, and other characteristics were collected via a CHW-administered survey during the baseline visit. The trial was approved by the Institutional Review Boards at the University of Washington and the VA Puget Sound Health Care system. For this study, we restricted analyses to the 253 participants who answered questions about having a caregiver, social support, and their self-care behaviors. Participants who were excluded were older than those who were included (mean age 56.5 compared to 52.0; p ¼ 0.008); otherwise, the two groups were similar in terms of demographics, health status, and diabetes characteristics (i.e. baseline hemoglobin A1c (HbA1c), insulin use, and diabetes complications).
Main predictors: Caregiver status and diabetes-related social support Participants were asked, ''People may receive assistance from a friend or family member who helps with their health problems, long-term illness, or disability because of their diabetes. During the past month, did you receive any such care or assistance from a friend or family member?'' Possible responses included yes and no. Participants who responded ''yes'' were classified as having a caregiver. These participants were also asked the relationship of the person who provided care to them.
We measured perceived diabetes-related social support using the four-item social support subscale of the Multidimensional Diabetes Questionnaire. 21 These questions ask respondents to rate the extent to which their spouse or significant other, family or friends, and health care team support them with or pay attention to them because of their diabetes. The rating scale ranged from 0 (not at all supportive) to 7 (extremely supportive) with higher scores indicating higher levels of support. Because two of the four items related only to a participant's spouse or significant other and not all participants were partnered, we averaged the scores across items to which participants responded. This scale has shown adequate internal consistency and the social support subscale is distinct from other constructs measured in the Multidimensional Diabetes Questionnaire. 21 Outcome assessment: Diabetes self-care activities
Participants were asked about the following practices related to diabetes management: diabetes-specific self-care, diabetes medication adherence, and physical activity.
We used the Summary of Diabetes SelfCare Activities (SDSCA) measure to assess the following self-care activities: (1) eating a healthy diet, (2) performing foot checks, and (3) blood glucose monitoring. Participants were asked on how many days during the past week they performed each activity, with possible responses ranging from 0 to 7 days. 22 The SDSCA has demonstrated construct validity and correlates well with interview-and diary-based assessments of self-management activities. 22 We measured self-reported medication adherence using items developed by Morisky and colleagues. 23, 24 Originally designed to assess hypertension medication adherence, the Morisky scale has subsequently been used for other conditions, including diabetes. 25, 26 Scores ranged from 0 to 8 with higher scores indicating better diabetes medication adherence. We classified participants as having moderate or high adherence if they had a score of 6 or higher. 24 To assess physical activity, we used the short form of the International Physical Activity Questionnaire (IPAQ) and classified participants in activity categories using the recommended approach. 27 This classification is based on activity-specific metabolic equivalent (MET) minutes and the frequency and duration of weekly walking, moderate physical activity, and vigorous physical activity. Because we expected physical activity to be somewhat low in this population, we collapsed the moderate and high activity categories into one group so that participants were either assigned to the low activity group or to a moderate/high activity group.
Covariates
At baseline, participants reported their age and gender. We created categories for participants' highest level of educational attainment and their marital status. Participants reported whether they had any type of health care insurance coverage (yes or no).
We asked whether participants had ever been diagnosed with each of the following health conditions: hypertension, heart disease or stroke, arthritis, bronchitis/emphysema/ chronic obstructive pulmonary disease, cancer (non-skin), and depression/anxiety. We also counted the number of these comorbid conditions, with a maximum possible score of 6. Separately, we asked whether or not participants had ever been diagnosed with retinopathy, nephropathy, or neuropathy and also created a dichotomous variable to indicate whether participants had ever experienced at least one of these diabetes complications. Participants also reported whether or not they were currently prescribed insulin to treat their diabetes. Finally, we calculated the duration of their diabetes diagnosis by subtracting the age at which they reported being diagnosed from their age reported at the time of enrollment. We classified this as diagnosis within the past 0-5, 6-10, or >10 years.
We used the Energy and Mobility subscale from the Diabetes-39 to measure overall quality of life related to physical health. 28 The Diabetes-39 asks participants to rate how much their quality of life is affected by various aspects of diabetes on a scale from 1 (not at all affected) to 7 (extremely affected). The Energy and Mobility subscale includes 12 items relating to the impact of weakness, mobility and activity restrictions, diabetes complications and other health conditions. We scaled responses so that possible scores ranged from 0 to 100 with higher scores representing a greater effect on quality of life. The Energy and Mobility subscale scores were correlated with the SF-12 physical component summary (r ¼ 0.65 in the study sample) but were missing less frequently than SF-12 scores.
We measured self-efficacy using the Diabetes Management Self-Efficacy Scale, calculated the sum of scores on 20 items with a maximum of 200 and higher scores indicating greater self-efficacy. 29 
Statistical analysis
First, we compared characteristics of participants with and without a caregiver using chi-square tests for categorical variables and t-tests for continuous variables. We also compared mean scores on diabetes self-care, medication adherence, and physical activity among participants with and without a caregiver. We compared both overall scores and items; our purpose of comparing individual items was to identify specific areas where caregivers might be more or less influential.
We used three separate linear regression models and two logistic regression models to evaluate the cross-sectional association at baseline between having a caregiver and each of the five self-care behaviors. We ran crude (unadjusted) models and also two sets of adjusted models. In adjusted models, we included participant age, gender, educational attainment, and physical health status as a priori covariates in all five models, and we added Hispanic ethnicity as a covariate in all models because it significantly differed between participants with and without caregivers. In addition, we expected blood glucose monitoring and medication adherence might be influenced by health care costs and insulin prescription and included indicator variables for each of these characteristics in these two models. We considered social support as an aspect of the support provided by informal caregivers but also were interested in understanding whether social support alone-independent of caregiver presence-was associated with diabetes self-care and therefore ran the adjusted models both with and without social support. We considered potential interactions between caregiver presence and gender and between caregiver presence and education in each model and considered p < 0.05 for the interaction term to be statistically significant.
We calculated power using Stata's power command with a ¼ 0.05, a standard deviation of 2.5 for continuous measures, and the observed sample sizes of participants with and without informal caregivers. We used independent sample t-tests to estimate power and effect sizes for continuous outcomes and likelihood ratio tests for differences in proportions to estimate measures for categorical outcomes. All analyses were conducted in Stata 14.0 (College Station, TX, USA).
Results
The study included 253 people, most of whom had at least one comorbid chronic condition (90%), fair or poor general health (60%), and a high school education or less (60%). Participants were from diverse racial and ethnic groups (45% white, 25% black, and 43% Hispanic). Ninety-four participants (37%) reported receiving care from a family member or friend in the past month for their diabetes. Among these, 35 caregivers were the participants' spouse (37%). Other caregiver relationships included the participants' child (23%), sibling (12%), parent (3%), other relative (2%), and nonrelative (22%).
Participants with a caregiver had higher educational attainment than those with no caregiver, but poorer physical health based on comorbidity burden and Diabetes-39 Energy and Mobility scores (Table 1) . Respondents with a caregiver had significantly higher overall social support (p < 0.001), including higher support from their spouse/partner and from family and friends. Social support from health care providers was similar regardless of caregiver presence. Age, HbA1c, prevalence of a diabetes complication, diabetes duration, insulin prescription, and self-efficacy were similar among people with and without a caregiver.
In unadjusted analyses, participants with a caregiver were more likely to have moderate or high medication adherence (63%) than participants with no caregiver (50%, p ¼ 0.04; Table 2 ). Specifically, participants with a caregiver were less likely than participants without a caregiver to report they did not take their diabetes medications in the past two weeks (31% vs. 44%, p ¼ 0.04), they cut back on their medications because they were feeling worse (13% vs. 23%, p ¼ 0.04), or they stopped taking their medications when their diabetes was under control (12% vs. 23%, p ¼ 0.02). Foot care, blood glucose monitoring, healthy eating, and physical activity were similar across groups. For continuous measures, we had about 80% power to detect a 0.9-point difference in self-care scores between participants with and without caregivers. For categorical outcomes, we had about 80% power to detect an odds ratio of 2.1 or greater when comparing respondents with and without a caregiver. After adjusting for covariates, the association between having a caregiver and medication adherence remained. There was no evidence of effect modification by gender or education in any models. Participants with a caregiver were significantly more likely to report having moderate or high medication adherence than participants with no caregiver (OR ¼ 1.93, 95% CI: 1.07-3.49, p ¼ 0.028; Table 3 ). When we added the level of social support to the model, respondents with a caregiver had an attenuated odds of greater medication adherence than respondents without a caregiver, but the association was no longer statistically significant (OR ¼ 1.50, 95% CI: 0.80-2.82, p ¼ 0.21). However, social support score was associated with better medication adherence in this model: for every one-point increase in social support, the odds of having moderate or high medication adherence increased by 22% (OR ¼ 1.22, 95% CI: 1.03-1.45, p ¼ 0.023). There were no significant differences in healthy eating, checking feet, checking sugar, or physical activity across participants with and without a caregiver. Higher social support was associated with healthy eating (B ¼ 0.20, 95% CI: 0.02-0.38, p ¼ 0.029).
Discussion
We found that low-income patients with poorly controlled diabetes who had a caregiver had about twice the odds of moderate or high medication adherence compared to those with no caregiver. In particular, caregivers helped patients take their medications more consistently: patients with a caregiver were less likely to report they had stopped taking their medication because they felt worse or because their diabetes was controlled. The association between having a caregiver and medication adherence was attenuated and no longer statistically significant when we also included social support in the model; instead, greater social support was associated with higher odds of medication adherence. These results are consistent with previous studies of both caregiver involvement and social support in diabetes and other chronic conditions. 6-10,12-16 For example, Nicklett and Liang found that people with diabetes-related social support had higher odds of medication adherence (OR ¼ 1.59). 15 Also, Trivedi et al. found that-among patients with chronic obstructive pulmonary disease-long-acting beta agonist and antihypertensive medication adherence was higher among participants with a caregiver (81%) than among those with no caregiver (68%). 7 However, our findings diverge somewhat from those of Rosland and colleagues in which social support and social connectedness were associated with improved lifestyle self-care behaviors-physical activity and diet-but not medical behaviors including medication adherence. 17 It is possible that this difference is a result of our focus on adults with poorly controlled diabetes: these patients may need additional supports to make substantial lifestyle changes, but having diabetes-specific care and support may be adequate for changing daily medical behaviors.
We also found that study participants infrequently reported receiving assistance from a family member or friend in spite of the fact that all patients had poorly controlled diabetes and about half had experienced a diabetes complication. Participants who did have an informal caregiver rated their support from both significant others and other family members or friends more highly, on average, than people with no informal caregiver, consistent with our expectation that caregivers might improve self-care by increasing social support and through other mechanisms. Given the positive impacts caregivers and/or others providing social support to people with diabetes can have, this result highlights a potential need to increase the availability of informal This study is subject to several limitations. First, as in all assessments of selfreported self-care behaviors, the possibility of social desirability bias exists, though we have no reason to believe this would have differed between participants with and without a caregiver or by the level of social support. Second, our definition of having a caregiver was broad; therefore, we may have classified people who received only periodic or minimal assistance from a spouse in our group of respondents with a caregiver. Third, we did not collect information about how long the caregiver had provided assistance, what types of support the caregiver provided, the quality of care, or the caregiver's confidence in promoting self-care. These additional details would be helpful in understanding whether caregiver characteristics modify or explain the association with self-care. Likewise, we did not collect information about the caregiver's or participant's perception of the relationship quality. Mayberry and colleagues found that patients with diabetes reported obstructive family behaviors about as often as they reported supportive behaviors, and obstructive behaviors were associated with poorer self-care while supportive behaviors were associated with better self-care. 34 Third, the cross-sectional nature of the data make it unclear whether having a caregiver and high social support is causally related to self-care behaviors. Longitudinal studies of caregiving, social support, and diabetes self-care will be vital to clarifying the direction of the association and to understanding how changing support can change outcomes. We plan to use the 12-month study data to conduct a longitudinal analysis in this sample. Finally, our ability to detect significant differences was limited by the small number of participants who had a caregiver. The strengths of this study include its use of well-validated measures of diabetes selfcare activities and its focus on low-income adults with poorly controlled diabetes, a patient group that is at high risk for diabetes complications. We also identified some potential mechanisms through which caregivers help with medication adherence, namely by increasing social support for diabetes and by helping patients take their medications consistently. Given the diversity of educational attainment, race/ethnicity, age, and gender among participants, we expect the results would be generalizable to the population of low-income adults with poorly controlled diabetes.
This study adds to a growing body of literature that suggests that informal caregivers are helpful in facilitating medication adherence among adults with chronic conditions. We found this to be true among low-income adults with poorly controlled diabetes. It also suggests, as have other studies, that social support improves self-care. Engaging informal caregivers and increasing social support from family and friends may be effective strategies for improving diabetes self-care, particularly medication adherence, a key self-care target for poorly controlled diabetes. Improving medication adherence has the potential to result in diabetes control, which in turn reduces the risks of diabetes complications, hospitalization, and death. 19 
